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Abstract 
Styrene (C6H5CH = CH2) , a widely used industrial chemical, 
has grown to be a world commodity chemical over the last 50 
years. However, the styrene monomer has some potential hazard 
to the human body when the intake is up to a certain level. 
The gradually improving polystyrene products and co-products 
have some unique properties which contributed significantly 
to their acceptance in the food packaging industry and fast 
food service. 
The monomer can be metabolized in the body to form 
styrene oxide, which has been shown to be mutagenic (1) • Long 
term carcinogenicity bioassays on rats by oral adminstration 
(2) and inhalation studies had been conducted in the 70's to 
evaluate the level of risk involved in the use of styrene 
oxide. The results indicated that styrene oxide is a very 
potent, direct acting carcinogen (3)* 
Experiments with various methods had been conducted to 
investigate the amount of residual styrene monomer left on the 
container and that migrated into foodstuffs. However, existing 
methodology for the estimation has difficulty to ensure 
complete extraction of styrene at low levels and the set-up 
is comparatively cumbersome, A new apparatus with high 
recovery efficiency to carry out the distillation/extraction 
has been designed. The styrene monomer was then determined by 
gas chromatography employing a glass column (8 ft x 4.0mm i.d) 
packed with 10% FFAP supported on chromosorb WAW (80-100 
mesh). The column temperature was maintained at 126°C 
ii 
isothermally. The flow-rate of the nitrogen carrier gas was 
30 ml min"1. A flame-ionisation detector (FID) was employed 
for detection, and durene was used as the internal standard. 
The recoveries of the styrene standard solution ranged from 
94 to 98%. The minimum distillation/extraction time of 45 
minutes was observed« 
The residual styrene monomer levels in polystyrene 
1 \ i > 
packaging materials were determined using an improved solvent 
dissolution method where the sample was first dissolved in 
dichloromethane, polystyrene and the high molecular weight 
polystyrene fragments were precipitated by iso-octane, and the 
styrene monomer in the supernatant was then determined using 
the proposed G,C. procedure. The residual styrene levels in 
the samples under study were all lower than the limit of 0.5% 
set by the Food and Drug Adminstration of U.S.A, and no 
styrene monomer was detected in one sample. 
The proposed distillation/solvent extraction method 
developed was used to determine the levels of styrene monomer 
migrated into real food samples. The samples under study are 
kept in the polystyrene containers at different temperatures. 
Special attention is focused on the quantity of monomer left 
in some instant cooking foodstuffs where heating inside the 
containers is suggested. No styrene was found to migrate into 
Yakult or Yogo, however, styrene was found to migrate into 
ice-cream contained in polystyrene container and into noodles 
and two other types of foodstuffs kept at elevated 
temperatures in polystyrene containers. 
iii 
In this project, all the styrene monomer detected was 
further confirmed by the gas chromatography/mass spectrometry 
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Styrene (C6H5CH = CH2) , a widely used industrial chemical, 
has grown to be a world commodity chemical over the last 50 
years. However, the styrene monomer has some potential hazard 
to the human body when the intake is up to a certain level. 
A brief description about styrene and polystyrene is given in 
the Appendix• It has a toxic effect on the liver, acts as a 
depressant on the central nervous system, and causes 
neurological impairment when inhaled in excess(5), Besides, 
it can be metabolized in the body to form styrene oxide, which 
has been shown to be mutagenic, The interest in analytical 
research on residual monomer level arises from the finding 
that vinyl chloride monomer (VCM) was implicated in aero-
osteolysis of the hands and f^et and in a raar form of liver 
cancer (angiosarcoma) in isolated cases of polyvinyl chloride 
(PVC) plant operatives who had worked in a closed environment 
for several years in contact with relatively high dose of the 
monomer(6)• Inevitably, the potential hazard in various 
polymer materials draws the attention to focus on other 
monomers used in food packaging(7), Research on styrene and 
other aromatic volatiles have been conducted to estimate 
residual monomers in plastics(8) and attempts have been made 
to estimate their levels in foods (9). A limit of 1 weight 
percent of total residual styrene monomer was set up for the 
styrene polymer used in contact with food by the methods 
proposed by the Food and Drug Administration in U.S.A.(4). 
Nonetheless published work for estimating residual styrene 
seldom concerned about the determination of monomer 
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migrated into food after cooking or stored at elevated 
temperature in polystyrene packaging material. As there is a 
tremendous growth in the demand for polystyrene in the fast 
food industry, the need for the monitoring and control of 
residual and migrated monomer levels is of primary importance. 
Since the monomers of concern which can migrate from the 
plastic packaging material into food are often present at ppm 
levels or below , gas chromatography has been the method of 
choice for the determination because of its high resolution, 
versatility, selectivity and ease of manipulation (10). 
Moreover, this technique can separate the volatile monomer 
residues from a wide range of volatile trace organic 
substances such as the residual solvents *from the packaging 
material. 
1-1 Stationary phases and detectors : 
The gas chromatographic technique can separate volatile 
substances which have vapour pressures greater than 0.lmmHg 
at the operating column temperature by percolating a gas 
stream over a stationary phase(11). The stationary phase is 
the heart of any chromatography and is attached to a support, 
a solid inert material• The sample , often in the vapour form, 
is pushed along by a liquid or a gas the mobile phase can 
be a gas or a liquid, whereas the stationary phase can only 
be a liquid or a solid. For an efficient, normal separation, 
the liquid phase should be similar in chemical structure to 
the components of the mixture. Rohrschneider and later 
McReynolds (12) had used the retention indices of benzene, 
'2 
butanol, 2-pentanone, nitropropane and pyridine to derive a 
series of coefficients to assess the stationary phase • The 
overall effects due to hydrogen bonding, dipole moment, acid-
base properties, and molecular configura ion were studied. 
Another instrumentation factor governing the quantity of 
a G.C. detection is the type of detector used. The flame 
ionisation detector (FID) is the most popular detector because 
of its high sensitivity, wide linear dynamic range, low dead 
volume, and responsiveness to almost all organic compounds. 
A comparison of some common detectors(13) is listed in Table 
1.1 and the ubiquitous flame ionisation detector (FID) was 
employed in this analysis. 
As the actual separation of the sample components is 
achieved in the column, the success or failure of a particular 
separation will depend to a large extant on the choice of 
column which we used. Three broad categories of G,C. columns 
are generally found in the analytical field, namely, packed, 
wide-bore capillary and high-re solution capillary (14) columns. 
The open tubular (or "capillary ») column is capable of 
separations that are normally superior to those obtained on 
packed columns but, with the nonpolar n~hexane as solvent 
eluting through the FFAP liquid phase, the desired styrene 
monomer peak in the chromatogram was always masked by the 
solvent tail this might be due to the higher vapour pressure 
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Table 1.1 
chromatographic detectors : 
DETECTORS 
Characteristics Thermal Flame Electron Alkali 
conductivity ionization capture Flame 
(H3, Ni63) or N 
^ = = = = = = = = = = _ _ _ compound 
Selectivity Universal Responds to Responds to Enhanced 
organic electron . response 
compounds, adsorbing to ptrosphorus 
ot for, compounds, or nitrogen 
fixed gases especially compounds 




I I I 
Sensitivity 6xlO"10 9xl(T13 H3 2xl0"u P 4Xicf14 
(gm/sec
 o r alkanes for CC1, [•' n 7xlCT12 
Ni63 sxicr14 
for CC1A 
: L i n e a r range 104 107 H3 500 103 for both 
Ni63 50 
Minimum lO^gm of 2x10^ H3 10^ p 2xl0"12gm 
CH Per ml for alkanes for lindane parathion 
quantity of detector Ni63 
effluent 4xl(TT2gm N 2xlCT10gm 
tor lindane azobenzene 
Stability good excellent Fair Fair 
4 5 0 4 0 0
 H 3 ^ 225 Both 300 
limit (UC) Ni63 350 
Carrier gas He, N2, H2 He, N2 n2 P n 
. A r + 10%CH4 N He2 
‘ ‘ 
Note : Data taken from reference (13) 
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experienced by the capillary system. On the other hand, a 
packed column was employed in the proposed method, because it 
has the advantages of having high capacity, cheap and easy to 
equip, and it gives satisfactory chromatograms for the 
analysis. 
1.2 Internal standardization : 
This method is also known as relative or indirect 
calibration where known ratios of the analyte and a standard 
C called internal standard ) are prepared and chromatographed, 
The peak areas are measured and the area ratios are plotted 
against the corresponding concentration of the analyte to 
obtain a graph. An accurately known amount of the internal 
standard is then added to the real sample and this mixture is 
chromatographed• The area ratios are measured and from the 
calibration graph the weight ratio of the analyte to the 
standard in the solution of the real sample is read, and since 
the amount of standard added is known, the amount of analyte 
can be deduced. 
The advantages of this calibration method are that the 
quantities injected needs not be accurately measured and the 
detector response needs not be known or to remain constant 
since any change in response will not alter the area ratio. 
The chief disadvantage of this method is the difficulty in 
finding a standard whose G.C. peak does not overlap with those 
of the analyte and other components in the sample. 
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1.3 Common pre-treatment techniques : 
Although gas chromatography is a sensitive and rapid 
analytical tool for organic analysis, substances often require 
extensive preliminary treatment to give an extract or essence 
suitable for gas chromatographic analysis(15). The methods 
used for the sample preparation can have a profound effect on 
the composition of the sample injected, and not all substances 
that are finally injected are stable to the particular liquid 
phase in the gas chroinatograph. . 
Since different groups of organics have varied resolution 
with different stationary phases, a coarse separation is 
necessary prior to gas chromatographic analysis. In addition, 
if the sample is concentrated during sample preparation, the 
detection limits for the organic may be enhanced. 
Specifically, different targets require different specific 
extraction techniques and column technology. a brief 
introduction of certain common pretreatment techniques are 
shown below. 
1.3.1 Distillation : 
Distillation is the step most frequently employed to 
isolate the volatile from the nonvolatile materials. 
Distillation may take the form of a simple single plate still 
operated at atmospheric or reduced pressure, or multiple unit 
utilizing reflux stripping. Most of the distillation 
procedures result in a dilute aqueous distillate from which 
the volatiles are subsequently extracted or adsorbed; a 
preliminary concentration of this distillate is sometimes 
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advantageous. 
1.3,2 Solvent extraction : 
Extraction is usually but not always preceded by a 
separation step such as steam distillation. The extracting 
liquid is normally a nonpolar organic solvent, and a wide 
range of these have been used. Salts such as sodium chloride 
or sodium sulphate are frequently used to increase competition 
for the aqueous phase and shift the distribution coefficients 
of the desired compounds to favour the organic solvent. 
The extraction solvent is usually selected with a view 
to its extraction efficiency, its inertness, and its boiling 
point. In the extraction of aqueous steam distillate, some 
investigators prefer diethyl ether because of its extraction 
efficiency. In general , the lower the boiling point of the 
extraction solvent, the less serious are the losses of the 
lower-boiling volatiles during the final concentration step, 
which is sometimes achieved by directing a stream of nitrogen 
into a test tube containing the concentrated extract. The 
problems with solvent extraction are associated with the 
purity of the extraction agent, different quantitative and 
qualitative extraction efficiencies for various compounds with 
various extraction agents and it has a poor sensitivity (o.1 
mg/1)(16). 
1.3.3 Headspace extraction : 
The headspace technique, i.e., analysis as the gaseous 
fraction that is in contact with and/or in equilibrium with 
'7 
w a t e r
 using stripping with an inert gas and subsequent 
concentration by freezing or adsorption on sorbents, is a 
fairly widespread and sensitive method • Concentrations down 
to 10"12 g/1 (17) can be determined. The disadvantages of the 
method are its limitation to volatile substances and each 
sample can only transfer one sample vapour into the G.C. 
injection port. 
1.3.4 Sorbent extraction : 
Activated carbon (18) and particularly porous organic 
polymers have recently been used for concentration of analytes 
from water by direct extraction with solid sorbents. The 
utilization of activated carbon for this type of concentration 
of trace compounds in water has been known for a number of 
years, and has been elaborated in details and standardised 
[carbon chloroform extract (CCE) and carbon alcohol extract 
(CAE) methods]. The advantage of activated carbon is its high 
adsorption capacity, which permits the use of a small amount 
of sorbent for the extraction and a high thermal stability of 
the material, up to 700°C. The basic requirement imposed on 
the concentration method is, however, that the identities and 
relative amounts of contaminants must not be affected by the 
concentration procedure. In this respect the situation is not 
always advantageous with activated carbon (19)• Carbon does 
not adsorb completely all of the organic compounds dissolved 
in water, the desorption from the activated carbon is not 
always complete and the compounds that are desorbed are not 
always identical with those which were extracted from water. 
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1-3,5 Purge-and-trap extraction : 
The purge-and-trap (20) method originates from headspace 
analysis, which is an indirect method for the determination 
of volatile components in liquids or solids by analysis of the 
vapour phase which is in thermodynamic equilibrium with the 
sample to be analysed in a closed system. The purge-and-trap 
method itself means to displace the volatile components from 
a water sample into the vapour phase by a stream of inert 
gas, and, in order to increase sensitivity, to trap by 
condensation or adsorption on such adsorbent materials as 
silica gel and activated charcoal through gas extraction. 
It is obvious that the recovery of the volatile 
components trapped depends on both the physical properties of 
the components and the stripping conditions. The U.S. EPA has 
suggested that the efficiency of recovery depends on the 
vapour pressure and water solubility of the compounds 
involved. Compounds boiling between 130°c and I50°c with a 
water solubility of approximately two percent may be 
concentrated by the purge-and-trap method(21). 
1.4 Pre-t3reatment techniques for the determination of styrene: 
Ether extraction of residual monomer followed by the G.C. 
analysis of he extract reports a sensitivity of 100 ppm only 
(22) • Determination by dissolving the polymer in an 
appropriate solvent and chromatographing an aliquot of the 
polymer solution reviewed a detection limit of 10 ppm. It is 
clear that these methods are inappropriate for the 
determination of residual monomers present at the ppm level. 
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Recently, head-space and purge-and-trap gas chromatographic 
techniques become the most acceptable analytical methods for 
the determination of volatile components in polymeric 
materials (23). However, published methods for estimating 
residual styrene have not been universally applicable to all 
situations that styrene monomer residuals are found, and there 
have been no reports on levels of styrene monomer found in the 
instant food cooked in a styrene foam cup. 
Edible oils are present in some instant food samples, and 
they tend to degrade at elevated temperatures. The degradation 
products are found to mask he analytical G.C. peak of 
styrene, thus direct injection of extracts from simple 
extraction for gas-chromatographic analysis is no good. 
The head-space and purge-and-trap technique have various 
success in the determination of volatile organics including 
residual monomers in polymer packaging materials. However, the 
vapour phase equilibrium dependent headspace injection method 
faces great difficulty when it is applied to determine minute 
amounts of residual monomer in the presence of a large 
quantity of complex foodstuff. Further as polymer standards 
of known monomer content are not readily available, the head-
apace monomer concentration must be related to the original 
concentration in the polymer either by assuming 100% diffusion 
of the constituent into the head space or through equilibrium 
calculations utilizing Henry's law and the appropriate 
partition coefficient (24). The purge-and-trap method is 
restricted to the pretreatment of volatile and less soluble 
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organics in aqueous samples, and it will introduce impurities 
into the sample from the solvent, which is a serious drawback 
in trace analysis. The polar and less volatile compounds such 
as styrene ( bp 145°C ) are more effectively concentrated by 
liquid extraction, evaporation or steam distillation (25)• In 
view of the above, a new solvent distillation/extraction 
apparatus was designed in this research to achieve rapid pre-
concentration for the G.C. detection and determination of 
residual styrene monomer. 
1.5 Objectives of this work for the determination of styrene: 
The first objective of this work concerned with the 
development of a gas chromatographic method for the 
determination of styrene monomer in packaging materials and 
that migrated into foodstuffs and to design an effective 
distillation/extraction apparatus for rapid pre-concentration 
of the monomer. Details of the work will be found in 
Chapter 3. 
The second objective of this work dealt with the 
determination of residual monomers in polystyrene containers 
and packaging materials using the proposed G.C. method and 
improved sample treatment technique. Prior to any further 
investigations, the packaging materials or food containers 
were identified with Fourier transform infrared spectrometry 
(FTIR) by comparing the spectra with reference spectrum 
obtained from a standard polystyrene film and with published 
infrared spectrum(26). Then the sample was dissolved in 
dichloromethane followed by the addition of iso-octane to 
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precipitate the styrene polymers resulting iri a supernatant 
containing the styrene monomer. An aliquot of the supernatant 
will be injected into the GC and subsequently the monomer 
concentration can be deduced from the calibration curve. 
Details of the work will be found in Chapter 4. 
The final objective of this work involved the application 
of the proposed method to determine the amount of styrene 
migrated into the foodstuffs in contact with polystyrene 
packaging material. Here two types of analysis were carried 
out. The first one involved the determination of monomer 
migrated into food stored in polystyrene containers at room 
temperature or below and the second one concerned with the 
determination of monomer migrated into the foodstuff which had 
previously been heated in the polymer container according 
to the instruction on the label or kept at elevated 
temperature. Control experiments were also performed using 
samples from the same lots. 
As a common analytical practice, it is often better to 
use mass spectrometry for positive identification of the 
substance in question. Thus the gas chromatography/mass 
spectrometry (G.C/M.S) was used for confirmation of monomer 




2•1 Instrumentation : 
2.1.1 Apparatus 
Solvent distillation/solvent extraction apparatus It 
was specially made following the designed dimensions. Vigreux 
distillation column was built in and graduations were marked 
on the collection arm for quick indication of the amount of 
extract obtained. Details of the apparatus are given in 
section 3 .2 and he apparatus is shown in Figures 3.3 and 
3.4. 
Condenser ~~— Inland revenue type condenser made of Pyrex 
glass , where the vapour was condensed on the heat transfer 
surface. The bore and pitch of the coil are designed to give 
optimum condensation without xsluggingi. It is particularly 
useful for removing condensable vapours from non-condensable 
gases. 
Glassware — ~ Both class A and B pipettes (Pyrex) and 
volumetric flasks were employed. Volumetric flasks were 
wrapped in opaque paper to prevent the polymerization of he 
monomer. 
Gas chromatograph A Hewlett Packard Model HP5890A, 
equipped with a flame ionisation detector (FID) was used. 
G_C. column Coiled glass, 8 feet long with ^ inch 0,D. 
and 4.Omm i.d.,packed with 80/100 mesh FFAP (Supelco, Inc.), 
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The column was conditioned over two nights at 100°C without 
flow and then at operation temperature ( i.e. 150°C ) at the 
nitrogen flow rate of 30 ml/min. until an acceptable noise 
level is obtained at the lowest attenuation setting of the gas 
chromatograph. 
G.C. integrator Hewlett Packard HP3396A, remote 
controlled type of integrator. 
Syringe Hamilton. Microliter #701 lOfil (Pat.No. 2933087) 
Centrifuge Hettich centrifuge (D-7200 Tuttlingten). It 
has ten speed settings and the maximum speed is 6000 
revolution per minutes. 
Heater E.G.O. Type (14.22720.201) 2000W, 220v. The 
heater was switched to the position 2 throughout the 
experiment. 
G.C/M.S. MSD (HP MSD 5970) connected to a G.C, ( HP 
5890A ) with ultra 1 (HP) 25m x 0.24 mm i.d. capillary column. 
FTIR Nicolet 205 FTIR spectrometer. Styrene standard 
sample film provided by Japan Spectroscopic Co. Ltd. was used 
to produce the reference spectrum for identification. 
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2.1.2 Gas Chromatographic conditions : 
The Hewlett Packard Model HP5890A chromatograph was 
operated under an isothermal condition. A Hewlett Packard 
HP3396A remote control type of integrator was installed in 
connection with the G.C. to increase the efficiency on 
analysis. The integrator started simultaneously with the G.C. 
when the start mode on either one of the machines was on. The 
operation conditions are listed below : 
Injector temperature: 140°C 
Column temperature : 1250C 
Detector temperature: 200°C 
Nitrogen carrier gas flow rate: 30 ml/minute (measured 
by a bubble flow meter). 
Hydrogen flow rate: 25ml/minute 
Air flow rate : 2 50ml/minute 
Chart speed : 0.3 cm/minute 
The relative retention time of styrene is ca 0.4850 
using the above parameters. 
2.1.3 Gas chromatography / mass spectrometry : 
Hewlett Packard (Model HP5890A) gas chromatograph 
installed with ultra 1 (HP) 2 5m x 0.24 mm i.d. capillary 
column was connected to an MSD(HP MSD5970) mass spectrometer 
for the confirmation of styrene monomer identified in the 
analysis. Temperature programming on the gas chromatograph was 
used for the separation of styrene peak from the solvent and 
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impurities. Mass spectroscopic identification of styrene was 
carried out by single ion monitoring mass spectrometry. MSD 
(HP MSD 5970) mass spectrometer interfaced with an all-glass 
jet separator to the HP 5890A gas chromatograph was employed 
and was tuned on the molecular ion of authentic styrene (m/e 
104) • The spectra obtained were compared with those of styrene 
in the computer library. The operation parameters are shown 
below : 
MSD (HP MSD5970) mass spectrometry : 
Operation mode : Single ion monitoring (SIM) 
acquisition. 
Voltage : 70.0 eM volts 
Scan time : l.7 cycle per second. 
HP 5890A gas chromatograph : 
Injector temperature : 250°C 
Initial temperature : 60°C 
Rate : 50°C per minutes 
Final temperature : lio°C 
Final time : 20 minutes 
2.2 Reagents and solutions : 
n-Hexane —~~ 99.5%, analytical grade (Riedel—de Haen) 
redistilled and kept in amber glass bottle. Analysed by direct 
injection into the G.C. under he same conditions as for the 
determination of styrene to ensure the absence of interfering 
substances at the retention times of styrene and durene. 
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Styrene —— 99%, stabilized with 10—15 ppm 
p-tert-butylcatechol (Janssen Chimica)• It was stored in the 
freezer at around 4°C in an amber bottle, and its purity was 
confirmed by G.C. analysis using a flame ionisation detector. 
Durene 98%, Analytical grade (Merck) 1,2,4,5— 
Tertramethylbenzene. Purified by recrystallization in absolute 
alcohol. It was kept dry in a vacuum desiccator. 
Antifoam 100% active silicone polymer with no 
emuls^ifiers present (Sigma) • Added to prevent foaming during 
extraction. 
Dichloromethane 99.5%, analytical grade (Merck). 
Iso-octane 99 5%, analytical grade (Riedel—de Haen). 
Sodium chloride 99.8%, analytical grade (Beijing 
Huagongchang) 
Liquid phase 10% FFAP on 80/100 mesh chromosorb WAW. 
(Supelco Inc.) 
Water Distilled. Random samples were extracted using the 
extraction apparatus. Direct G.C. injection of an aliquot of 
the extract to ensure he absence of impurities with 
approximately the same retention times as styrene and durene. 
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2.3 Preparation of stock solutions : 
2.3.1 Styrene stock solution : 
The 99% styrene reagent has a density of 0.909 gem"3. An 
aliquot (17.00 ml) of 99% styrene reagent was pipetted into 
a 250.00 ml volumetric flask and diluted to the mark with n-
hexane to make up a 6.1812xl0"2 g/ml solution, and then 1.00 
ml of this solution was pipetted into another 250.00 ml 
volumetric flask and diluted to the mark with n-hexane to make 
up a Q.2472 mg/ml standard solution. 
2.3.2 Durene internal standard solution: 
About 0.005g of durene was accurately weighed and 
transferred to a 250.00ml volumetric flask. n-Hexane was added 
up to the mark to make up a 5x10-4 g/ml standard solution. 
2.3.3 Styrene working standard solutions : 
The calculated amounts of styrene standard solution were 
pipetted separately into various volumetric flasks and diluted 
to the mark with n-hexane to obtain the desired concentrations 
of styrene ca 0.494, 1.24, 2.47, 4.95, 7.42, 9.89, 12.36, 
24.72, and 29.67ppm. Appropriate amounts of durene standard 
solution were added according to Table 2.1. Thus the 
concentration of internal standard was kept at 2 0ppm in each 
solution. The working standard solutions were stored in a 
freezer and were stable for ca 6 month. 
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Table 2.1 
Dilution table : 
Flask Volume of Volume of styrene std. solution added (ml) 
volume durene 0.50 1.00 2.00 3.00 5.00 
stdandard 
(ml) added, (ml) Concentration of working standard in ppm 
25. 00 1. 00 9.89 19.78 29.67 
50. 00 2,00 4.95 24.72 
100. 00 4.00 1.236 2.47 7.42 12. 36 
250.00 10.00 0.494 
2.4 Sample preparation : 
2.4.1 Sample preparation for food-contact polymers 
(containers): 
After removal of the food contents, the inner surface of 
the container were cleaned up with cleanser to remove grease 
and visible food residues, the containers were then left for 
air dry at room temperature. The dry clean container was 
weighed and then cut into narrow strips, and dissolved in 
0.125 g/ml (or 8.0 ml/g of polymer) dichloromethane (CH2C12) 
in an amber bottle. When the polymer was totally dissolved 
0.125 g/ml (or 32.0 ml/g of polymer) of iso-octane was added 
into the solution to accumulate all the polymer present, while 
the monomer will be left in the supernatant. A portion of the 
supernatant was then centrifuged for 20 minutes at the maximum 
speed until all the polymer suspended sank down to the bottom. 
2.00 ml of the supernatant was then pipetted out to mix with 
exactly 2.00 ml of 40.02 ppm durene solution. The mixture 
contained 20.01 ppm of internal standard and was injected into 
the G.C. for quantitative analysis. 
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2*4.2 Sample preparation for food samples : 
(i) For samples stored in polystyrene container at or below 
room temperature (e.g. Yakult and ice-cream): The sample was 
first taken out while still at its storage temperature and 
transferred into the 1-litre round-bottomed flask, and care 
was taken not to scratch any polymer into the flask. The food 
remaining in the container was rinsed out with the help of the 
saturated sodium hydroxide and transferred into the flask. 
(li) For the food samples which need cooking or are kept at 
elevated temperature in the containers: 
(a) For the control: 
The noodles sample was taken out and weighed accurately and 
then placed in a beaker. Then 200 ml of boiling distilled 
water (at 100°C) were poured in following the instruction on 
the label. It was left aside until it cooled down to room 
temperature. For the bean curd dessert and sliced pork soup, 
the former was weighed and the volume of the latter was 
measured before transferring separately into glass beakers and 
heated to boiling and then left to cool in the beaker to room 
temperature. 
(b) For the styrene migration experiment : 
The procedure was the same as for the control except that the 
polystyrene container was used instead of the beaker. 
2•5 Extraction method for food samples: 
When the extraction was carried out, no more than 
200ml of solution was put inside the 1-litre round-bottomed 
flask. Excess saturated sodium chloride (NaCl) solution was 
added to facilitate salting out the styrene of the analyte. 
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Then the extraction unit was mounted onto the round-bottomed 
flask with the Vigreux fraction column inserted into the 
quickfit joint of the flask. The three-way stopcock was 
switched to such a position that condensed distillate 
collected into the collection arm could circulate round the 
apparatus. Then saturated sodium chloride (NaCl) solution was 
added into the collection arm until the solution level in the 
arm was the same as that in the side arm connecting to the 
Vigreux fractionating column. The extraction solvent was 
pipetted into the collection arm and floated on the water 
surface. The extraction solvent used in this experiment was 
hexane,which must have a density lower than that of water, so 
that it will float on the surface of water and the condensed 
styrene will pass through it for extraction. 
When all the regents and the sample had been added, the 
inland revenue type of condenser was fitted in the upper 
outlet of he apparatus and acted as a cooling tower. In order 
to condense all the volatile organics, cold icy water was 
pumped from the reservoir into the condenser to increase its 
condensation power. An oil bath was used in this analysis, as 
it can provide even and steady heating for a relatively long 
period of time. 
Two points must be kept in mind when setting up the 
apparatus. Firstly, the whole apparatus must be clamped 
properly in a vertical position without tilting it. Secondary, 
all the quickfit mountings must be jointed properly without 
leaking before the operation, but no grease should be applied 
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to the joints. 
2.6 Procedure for the analytical finish 
2.6,1 Determination of residual monomer in containers : 
An aliquot (in microliter) of the mixture obtained after 
the sample preparation in 2.4.1 was directly injected into 
the G.C. for quantitative analysis. The relative retention 
time was calculated for the styrene peak observed from the 
chromatogram. Then the relative area ratio of styrene to 
durene was calculated and the corresponding quantity of 
styrene was deduced from the calibration graph in Fig.3.6. The 
residual monomer weight percent in the container was 
calculated. 
2.6.2. Determination of styrene monomer in ice-cream, Yakult, 
and Yogo samples : 
Appropriate amount of saturated sodium chloride solution was 
added to the food sample contained in the 1-litre round-
bottomed flask to make up the solution to about 200ml. Durene 
standard solution in hexane ( 2 0.Olppm ) was pipetted into the 
collection arm for extraction. The heater was switched on for 
1 hour. Then the organic phase in the collection arm was taken 
out for G.C. analysis. 
2.6.3 Determination of styrene monomer in noodles, bean curd 
dessert and sliced pork soup (styrene migration experiment): 
After the samples preparation, the foodstuff was 
transferred into the extraction set-up for extraction. The 
remaining foodstuff inside the container was transferred 
completely into the apparatus with saturated sodium chloride 
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solution. A few drops of antifoam were added if required. 
Durene solution in hexane (3.00 ml) was pipetted into the 
collection arm for extraction. When the extraction was 
finished (in 1 hour), the organic phase in the collection arm 
was taken out for analysis. 
2.7 Assessment of the food matrix effect on the recovery of 
styrene : 
When the extraction of styrene monomer had been 
completed, a known concentration (3.00 ml) of styrene standard 
solution in hexane was pipetted into the food sample in the 
round-bottomed flask for further distillation/extraction for 
1 hour. An aliquot of the resulting organic phase in the 
collection arm was then taken out and injected into the gas 
chromatograph to obtain the relative retention time and 
relative area ratio. The percentage recovery was then 
calculated. 
2.8 Confirmatory Procedures : 
The analyte in the hexane extract was identified by 
comparing its relative retention time with that of styrene 
standard. Gas chromatography mass spectrometry was also used 
for confirmation. Identification of styrene was carried out 
by single-ion monitoring mass spectrometry. A MSD (HP MSD 
5970) mass spectrometer interfaced with an all-glass jet 
separator to a HP 5890A gas chromatograph was employed and 
was tuned on the molecular ion of authentic styrene (m/e 104) • 
The mass selective detector was connected to a HP G.C. 
installed with an 25m x 0.24mm i.d. ultra 1 bore capillary 
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column. 
2.9 Treatment of data : 
For the quantitative determination, the so-called internal 
standard calibration was used. Relative peak area ratios 
instead of peak heights were used for quantification in this 
work as more precise and reproducible data were obtained using 
the Hp integrator. 
(i) Calculation of weight percentage for the residual styrene 
monomer found in food packaging material, ( . e. container) 
The polystyrene container or cup was first dissolved in 
dichloromethane (8.0 ml/g of polymer) , and the polystyrene was 
then precipitated with iso—octane (32,Oml/g of polymer)• Thus 
the total organic solvent added was (40ml/g of polymer)• Then 
1.00ml of the supernatant solution was mixed with exactly l. 00 
ml of (4.OOppm) durene standard solution for G.C. injection. 
The total amount of residual monomer in the container is 
C, Concentration 40.0 ml 
= 2 x of the injected x x Wt. of polymer (g) 
solution g of polymer 
Weight percent = 2 x C x 40.0 x 10"6 xlOO 
= 8 . 0 x C x 10"3 
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(ii) Calculation of the styrene monomer migrated into food 
samples. 
In this determination, 3.00ml of durene standard 
solution in hexane was used for the extraction. The 
concentration (in ppm) obtained will be multiplied by 3 to 
give the total amount of monomer extracted from the food 
samples. The mass founded will be divided by the total mass 
or volume of the food sample to give the amount of monomer 
present per g or per ml of the food sample. Viz 
3 x concentration of monomer in 
Weight present in injected solution 
food sample, (fig/g = — 
or Mg/ml) weight or volume of sample 
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Chapter 3 
DEVELOPMENT OF METHOD 
3.1 Development of GC method : 
3.1.1 Selection of liquid phase : 
The column is the heart of the chromatography. The actual 
separation of sample component is achieved in the column. 
Consequently, the success or failure of a particular 
separation will depend to a large extent on the choice of 
liquid phase used in the column. Tliere is no fool-proof method 
for selecting the best liquid phase for a particular 
separation. The right selection is based mainly on experience 
and/or trial and error. 
The liquid phase requirements are (29): 
a. Good absolute solvent for sample components - if 
solubility is low, components elute rapidly, and 
separation is poor. 
b. Good differential solvent for sample components. 
c. Nonvolatile - vapour pressure of 0.01 to 0.1mm at 
operating temperature for reasonable column life. 
d. Thermally stable - instability can be promoted by 
catalytic influence of the support as temperature 
increases. 
e. Chemically inert toward the solutes of interest at 
the column temperature. 
Two common stationary phases were found in the analysis 
of residual styrene, namely, Polyethylene Glycol (Carbowax 
20M) (27) and Free Fatty Acid Phase (FFAP) (28) • The McReynold 




McReynold constants of FFAP & Carbowax 20M : 
Stationary Temp Limit McReynold constants 
Phase Min/Max °C A B C D E s 
FFAP 50/250 340 580 397 602 627 2546 
carbowax 2 0M 60/225 322 536 368 572 510 2308 
Preliminary gas chromatographic separation experiment 
wi h low concentration styrene standard solution revealed hat 
FFAP was the better liquid phase because the solvent (n-
hexane) peak is well separated from the peaks of styrene and 
durene, he internal standard. The chromatograms are shown in 
Fig. 3.1. Thus, FFAP was chosen as he liquid phase for this 
analysis. 
3-1.2 Optimization of G.C. column conditions : 
(a) Flow rate 
For maximum efficiency the column must be operated at the 
optimum flow rate. If the height equivalent to a theoretical 
plate (HEPT) is plotted against /i, the linear gas velocity (or 
flow rate), one obtains a hyperbola with a minimum HETP. This 
minimum is that flow rate optimum) at which the column is 
operating most efficiently. However, owing to the 
compressibility of the carrier gas, is not constant over the 
entire length of the column, hence only a small section can 
operate at maximum efficiency. In general good sensitivity and 
stability are obtained with a carrier gas flow of 30 ml/min, 
hydrogen flow of 30 ml/min and air flow at 300ml/min (29), and 
these flow rates were also found to be suitable for the 
27 
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present study. 
(b) Column temperature 
Generally resolution can be improved by lowering the 
temperature. In the usual case, temperature is chosen by 
compromise; not so high as to impair resolution, and not so 
low as to cause long retention times. The temperature is 
usually set about equal to the average boiling point of the 
sample. However, high liquid loadings will require the use of 
high temperatures, or a highly retentive liquid will require 
an increase in offsetting temperature. In selecting column 
temperature, one must also keep in mind the maximum and 
minimum temperatures of the liquid phase being used. The 
operation temperature range for FFAP is 50 - 250°C. The 
chromatograms at three different temperatures are shown in 
Fig. 3.2 • At low oven temperature (100°C) , broad sample peaks 
with relatively long retention time were observed. On the 
contrary, unresolved sample peaks with short retention time 
for styrene was found when the column temperature was 
increased to 190°C. The optimum operation column temperature 
observed using FFAP as separation liquid phase was 12 6°C with 
the conditions given on Fig. 3.2. 
3.2 Development of the extraction method : 
3.2.1 The distillation/extraction apparatus : 
The determination of styrene monomer in food samples 
using distillation/extraction method is a well known technique 
(30) • In fact the Food and Drug Adminstration in USA(4) has 
used dissolution method for the collection and analysis of 
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styrene in food sample and specifies in 21 CFR 177.1640(4) 
that polystyrene basic polymers shall contain not more than 
1 weight percentage of total residual styrene monomer, as 
determined by the method described. When used in contact with 
fatty foods, such polystyrene basic polymers shall contain not 
more than 0.5 weight percentage of total residual styrene 
monomer. 
In most of the extraction methods currently proposed, the 
extracting solvent phase is simply equilibrated with the 
aqueous sample and then an appropriate aliquot of the organic 
phase is analysed. This equilibrium extraction scheme is quite 
adequate if the extraction is indeed close to 100% for the 
substances being analysed. However it is never possible that 
100¾ for any substance can be extracted from one phase into 
another by just a single extraction because of the laws of the 
thermodynamics(31). 
. a,. ( a ) 
i.e. Pf ( a,R ) = 
‘ af ( B ) 
A constant at equilibrium 
ai ( a ) is the activity of component, i in phase a 
a . ) is the activity of component, i in phase B 
For the determination of styrene in foodstuff, the 
headspace technique described by Withey and Collins (23) for 
the concentration of volatiles from food is a common adopted 
method. However, the treatment of samples before analysis is 
cumbersome and the reproducibility of the method is low. Thus, 
we believe that a more handy and efficient equipment should 
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be developed to analyze the minute amount of monomer migrated 
into the food samples. 
Reports on the successful application of steam 
distillation for the isolation and purification of substances 
prompted us to adopt the method for the isolation of styrene 
using only simple and readily available instrumentation and 
a low-cost apparatus to be built from readily available 
glassware. The proposed distillation/extraction apparatus is 
shown in Fig. 3.3 and the extraction unit with dimensions is 
in Fig. 3.4 
The purpose of the apparatus is to distil styrene 
together with water, and the mixture be collected in the 
collection arm. Since styrene is soluble in hexane, it will 
be extracted from the mixture into hexane previously added to 
the collection arm. Water, being heavier than hexane, will 
stay at the lower part of the collection arm and the side arm 
connecting to the fractionating column, and excess water will 
fall back to the round-bottomed flask through the 
fractionating column. The extraction method used in this 
analysis has the advantage that continuous extractions can be 
achieved as long as the distillation proceeds. The hexane 
layer can be taken out for the analysis of styrene after the 
extraction is considered complete. 
The original design . of the apparatus followed closely 
that of the Clavenger type of separator (32). However, the 
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for some samples high boiling point impurities were also found 
to be extracted together with styrene. The impurities present 
in the extract caused serious problems because unwanted 
overlapping peaks appeared and interfered with the 
determination of styrene, and the useful life of theCGCjcolumn 
was also shortened. In view of this, two improvements on the 
design were made : 
(1) The dimension of the apparatus was enlarged to facilitate 
he distillation and extraction processes; and 
(2) a Vigreux distillation arm was also introduced to retard 
the higher boiling-point impurities. 
When n-hexane, a low-density solvent immiscible with 
water, was used, it would float oh the top of water in the 
collec ion arm, and styrene in the distillate could be 
extracted and concentrated in hexane before collection for 
analysis, thus potentially increasing the recovery level. 
Lengthening the refluxing time would also increase the amount 
of styrene hat could be collected. Saturated sodium chloride 
solution was added to the sample to salt out styrene and thus 
indirectly increases the volatility of the analyte. 
3.2.2 Selection of extraction solvent : 
Preliminary studies of the properties of the solvents 
showed that only a few were suitable for our purpose (31) • The 
essential parameters proved to be : (l) he solvent should be 
immiscible with water, and (2) its density is lower than 
water. The relevant data for some common solvents are shown 
in Table 3.2. 
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Table 3.2 
,of^solvents and their solubilities in water : 
Solubility Density 
Solvent in water 
( g / i ) (g/cc) 
n-Hexane 0.01 0.670 
n - Pentane 0..04 0.626 
Carbon tetrachloride 0.8 1.594 
Chloroform 0.82 1.492 
Methylene chloride 13.0 1.325 
Diethyl ether 60.0 0!708 
The conclusion drawn from preliminary experiment with 
different solvents was that, under our extraction conditions, 
only n-hexane, the least water-soluble solvents having a 
density lower than that of water, gives acceptable recovery. 
3.2.3 Recovery test on the extraction method : 
In this sec ion he results of some recovery tests, which 
can justify the effectiveness of the proposed distillation/ 
solvent extraction method, will be reported. Two experiments 
were conducted. When the experiments were carried out, the 
distillation/extraction apparatus was installed and operated 
under the same conditions as reported for the real samples in 
Chapter 2. 
The aim of the first experiment was to find the minimum 
time required for the complete recovery of styrene at the 
assigned operating conditions. A known amourrt (4.00 ml) of 
styrene standard solution in hexane was pipetted into the 1 
litre round-bottomed flask, followed by the addition of 150 
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ml of saturated sodium chloride solution. When the apparatus 
was set up properly, the heater was switched on for heating 
the contents in the flask. Note that there are four settings 
on the heater. When it was set at position 1, the heating rate 
was too low. On the other hand, when the setting was at 
position 3, the mixture in the flask boiled within 20 min and 
for some real samples foams appeared and reached the 
collection arm. The heater was set at position 2, where the 
heating rate was acceptable.. 
As styrene was dissolved in hexane, the amount of styrene 
distilled over and collected was conveniently determined by , 
measuring he volume of hexane collected, assuming that the 
concentration of styrene in hexane remained roughly cons ant 
during the whole process. Thus, the volume of hexane collected 
at different time intervals in the collection arm were 
measured using the graduation on the collection arm. The plot 
of the volume of hexane recovered against time gave a sigmoid 
curve as shown in F.ig. 3.5, which agreed with the fact that 
the rate of distillation increases as the temperature 
increases. Once the temperature reached 1000C, the volume of 
hexane recovered did not change with time. This took place in 
about 35 minutes. Based on these observations, we can draw a 
rough guide line on the minimum extraction time required. When 
dealing with the determination of monomer migrated into 
foodstuffs, the extraction time was increased to an hour to 
ensure that all the monomer would be recovered. 
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The second experiment was to evaluate the effectiveness 
of the apparatus on the styrene recovery. A calibration graph 
as shown in Fig. 3.6 was first constructed by plotting the 
relative area ratio of the G.C. peaks (styrene : durene) 
against the concentration of each styrene standard solution 
injected into the gas-chromatograph, and the relevant data are 
shown in Table 3.3. After that, the standard solutions were 
subjected separately to distillation and extraction using the 
proposed apparatus. After each extraction, the hexane layer 
was taken out for G.C. analysis. A new set of relative area 
ratio was calculated for each concentration and another 
calibration graph was plotted as shown in Fig. 3.7, and the 
relevant data are also shown in Table 3.4. The percentage 
recovery at each concentration was calculated and the results 
are shown in Table 3.5. The mean results for nine analysis 
ranged from 94 to 98¾ with a mean of 97%, which is considered 
very good. The relative standard deviation (a) for nine 
replicate determinations of each concentration are also shown 
in Table 3.5. ar ranged from 1.2 to 4.5% for the standards 
injected directly into the G.C. , and it ranged from 0.6 to 5.2 
% after the extraction. 
It can thus be concluded that the proposed 
distillation/extraction apparatus can be used for the 
extraction of styrene at' the ppm levels with high recovery and. 
good precision. A typical styrene chromatogram showing both 
styrene and durene (internal standard) peaks under the 
optimised conditions is shown in Fig. 3.8. It can be seen that 
the two peaks are well resolved. 
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Table 3.4b Styrene standard after extraction : 
AREA RATIO 
CONCENTRATION BATCH styrene SAMPLES MEAN VALUE 
(PPM) NO. MEAN 
Durene 
0.0258 X = 0.0260 
1 0.0260 
0.0262 0.0002 
0.0266 X = 0.0264 X = 0.0266 
0.494 2 0.0263 
0.0263 0.0002 ± 0,0007 
0•0270 X = 0.0273 
3 0.0275 
0.0273 0.0003 
0.0632 X = 0.0641 
1 0.0643 
0.0647 0.0008 
0.0626 X = 0.0630 X = 0.0641 
1.236 2 0.0631 
0.0632 0.0003 0^0011 
0.0631 X = 0.0652 
3 0.0677 
.0.0647 0.0023 
0. 1345 X = 0. 1333 ,.‘ 
1 0.1338 
0.1317 0.0001 
0.1326 X =0.1329 X = 0.1317 
2.470 2 0.1333 
0.1283 0.0005 CK0024 
0.1291 X =0.1290 
3 0.1290 
0.1292 0.0003 
0.2526 X =0.2536 
1 0.2584 
0.2497 0.0044 
0.2454 X =0.2440 X = 0.2548 
4.950 2 0.2434 
0.2431 0.0012 0.0114 




Table 3.4b Styrene standard after extraction : 
AREA RATIO 
CONCENTRATION BATCH styrene SAMPLES MEAN VALUE 
(PPM) NO. MEAN • 
Durene 
0.3910 X =0.3882 
1 0.3890 
0.3846 0.0033 
0.3979 X =0.3979 X = 0.3897 
7.420 2 0.3974 
0.3985 CK0005 0.0076 
0.3832 X =0.3830 
3 0.3 812 
0.3845 0.0017 
0.5049 X =0.5162 
1 0 . 5 0 6 7 
0.5269 0.0180 
0.5257 X =0.5222 X = 0.5130 
9.89 2 0.5225 
0.5185 0.0036 0.0112 
0.5041 X =0.5005 
3 0.4992 
0.4983 0.0031 
0.6468 X =0.6583 
1 6.6525 
0.6486 0.0084 
0.6555 X =0.6569 X = 0.6579 
12.36 2 0.6533 
0. 6619 0.0045 CK0009 
0.6574 X =0.6586 
3 0.6615 
0.6624 0.0042 
0.9936 X =1.0037 
1 0.9999 
1-0177 0.0125 
1.0592 X =1.0597 X = 1.0301 
19.78 2 1.0666 
1.0533 0.0067 0.0281 




Table 3.4b Styrene standard after extraction : 
AREA RATIO 
CONCENTRATION BATCH styrene SAMPLES MEAN VALUE 
(PPM) NO. MEAN 
Durene 
1.5710 X =1.5757 
1 1.5476 
1.6084 0.0307 
1.5664 X =1.5767 X =1.5870 
29.67 2 1.5957 
1.5713 0.0218 0,0188 
1.5737 X =1.6087 
3 1.6213 
1. 6311 0.0.307 .. • 
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Table 3.4a Styrene standard after extraction 
AREA RATIO 
CONCENTRATION BATCH styrene SAMPLES MEAN VALUE 
(PPM) NO. MEAN 
Durene 
0.0257 X = 0.0258 
1 0.0258 
0.0259 0.0001 
0.0248 X =0.0249 X = 0.0250 
0.494 2 0.0251 
0.0247 0.0002 0,0007 
0.0245 X =0.0244 
3 0.0241 
0.0246 0.0002 
0.0640 X =0.0637 
1 0.0648 
0.0624 0.0008 
0.0621 X =0.0622 X 0.0623 
1.236 2 0.0621 
0.0624 0.0002 0.0001 
0.0608 X =0.0610 
3 0.0610 
0.0610 0.0001 
0.1300 X =0.1301 
1 0.1305 
0.1299 0.0003 _ 
0.1297 X =0.1295 X = 0.1294 
2.472 2 0.1292 
0.1297 0.0003 0,0008 
0.1282 X =0.1285 
3 0.1282 
0.1285 0.0003 
0.2306 X =0.2332 
1 0.2346 
0.2345 0.0023 
0.2637 X =0.2681 X 0.2484 
4.950 2 0.2684 
0.2723 0.0012 0.0179 




Table 3.4b Styrene standard after extraction : 
AREA RATIO 
CONCENTRATION BATCH styrene SAMPLES MEAN VALUE 
(PPM) NO. MEAN 
Durene 
0.4260 X =0.4271 
1 0.4268 
0.4284 0.0012 
0.3922 X =0.3913 X =0.3801 
7.42 2 0.3912 
0.3905 0.0008 0,0102 
0.3741 X =0.3713 
3 0.3797 
0.3791 0.0012 
0.4989 X =0.5007 
1 0.4990 
0.5041 0.0030 
0.4934 X =0.5071 X = 0.5013 
9.89 2 0.4926 
0.5024 0.0041 ± 0.0055 
0,5024 X =0.4961 
3 0.5093 
0.5096 0.0054 
0.6401 X =0.6274 
1 0.6202 
0.6220 0.0110 
0.6313 X =0.6368 X =0.6348 
12.36 2 0.6397 
0.6395 0.0048 0,0065 
0.6378 X =0.6401 
3 0.6435 
0.6389 0.0031 
1.0150 X =1.0159 
1 1.0187 
1-0139 0.0025 
0.9878 X =0.9859 X =1.0054 
19.78 2 0.9855 
0.9845 0*0017 0.0168 




Table 3.4c Styrene standard after extraction 
AREA RATIO 
CONCENTRATION BATCH styrene SAMPLES MEAN VALUE 
(PPM) NO. MEAN 
Durene 
1.5081 X =1.5123 
1 1.5292 
1.4994 0.0153 
1.5165 X =1.5262 X = 1.5221 
29.67 2 1.5278 
1.5342 0,0090 0.0086 





??Y???^??"^^??,Prec:ision on the distillation/extraction process : 
Concentration Mean * Mean area ratio Recovery 
ppm(mg/ml') area ratio* after extraction* (%) 
(n=9) (n=9) 
0.0266 0.0250 
0.49 0.0005 0.0007 94 1.3 
( 2.0 ) ( 2.9 ) 
0.0641 0.0623 
1.24 0.0011 0*0014 97 CK2 
( 1.8 ) ( 2.2 ) 
0.1317 0.1294 
2.47 0.0024 0.0008 98 0.3 
(1.8 ) ( 0.6 ) 
0.2548 0.2484 
4.95 0.0114 0.0129 97 1.6 
( 4.5 ) ( 5.2 ) 
0.3897 0.3801 . 
7.42 0.0076 0.0102 97 1,3 
( 1.9 ) ( 2.7 ) 
0.5130 0.5013 
9.89 ± 0.0112 0.0055 97 ±0*5 
( 2.2 ) ( 1.1 ) 
0.6579 0.6348 
12 .36 0.0093 0. 0065 96 0.6 
( 1-4 ) ( 1.0 ) ‘ 
1.0301 1.0054 
19.78 0.0284 0.0169 97 0.4 
(2.8 ) ( 1.7 ) • 
1.5870 1.5222 
29.67 0.0188 0.0086 95 0.5 
( 1»2 ) ( 0.6 ) 
Average recovery = 97 0.7 % 
* Relative standard deviation (cr given in parenthesis 
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.. Operation conditions 
.Oven temperature i2 6°C 
Injector temperature 145°C 
Detector temperature 200°C 
Flow rate : 35.0 ml/min 
i • • 
. ‘ j - . - . . . " -
A : Styrene 
B : Durene 
Relative retention time 0.4830 
Fig.3. 8 Styrene standard solution chromatogram 
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Chapter 4 
DETERMINATION OF RESIDUAL STYRENE IN POLYSTYRENE POLYMER 
The standard method for the determination of residual 
styrene monomer in polystyrene polymers in contact with 
foodstuffs is that recommended by the Food and Drug 
Adminstra ion (5). The polymer is first dissolved in 
dichloromethane (CH2C12) , and the resulting solution is 
injected directly into a gas-liquid chromatograph with a 
Polyethylene Glycol column. This method has the disadvantage 
that when the high molecular-weight polymer fragments are 
injected together with the analyte into the G.C. they exhibit 
peaks close to the styrene peak bus lowering he accuracy of 
the determination. Further, these polymers will shorten the 
lifetime of the liquid phase. 
4.1 The proposed method : 
The proposed method for the determination of the residual 
styrene monomer in polystyrene food packaging materials is : 
based 
on the stands.itdl method, mentioned, above
 t however*, iso— 
octane was proposed to precipitate polystyrene and the high 
molecular-weight polymer fragments, and the supernatant was 
centrifuged to eliminate most of the polymer and the fragments 
present. Thus the accuracy of the detection would also be 
improved. The gas-chromatographic method reported in Chapter 
3 was used for the determination. The detection limit of the 
method relies very much on the sensitivity of the liquid phase 
installed inside the G.e. and the detector equipped. The 
solvents used in this part of the experiment were non-polar 
and have no interaction with styrene or the internal standard. 
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Overlapping G.C. peaks with styrene and durene did not occur. 
A calibration graph with peak area ratios versus concentration 
was prepared and employed for the determination of styrene 
with concentrations down to 0.494 ppm at least. 
4.2 Identification of polymer and one cup for the ice-cream 
cone : 
Six types of food containers and one cup for the ice-
cream cone were purchased from local supermarkets and hawkers. 
It was necessary to identify the nature of the polymer of 
which these samples were made using Fourier transform infrared 
spectroscopy (FTIR)• The IR spectra were taken and were then 
compared with that of standard reference material and with 
published spectrum (26)• 
4.2.1 Preparation of styrene sample for FTIR analysis : 
Five out of the six types of containers were purchased ^ ^^  
with foodstuffs inside. The foodstuff was removed from the 
container or cup, which was cleaned with detergent to remove 
any grease or food residue left behind before analysis. The 
packaging materials for the containers or cup can be divided 
into the following three groups. 
(1) The packaging material was not opaque and thinner 
than 0.25mm (e.g. cup for the Tappuri ice-cream). A piece of 
this sample about 1.5cm in diameter was cut for direct FTIR 
analysis. 
(2) For thicker samples (e.g. container for Yakult), 
about 2 to 3 cm2 pieces were cut off from the containers. Each 
piece was placed on a clean metal surface and heated up with 
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a electric heater. When the polymer was about to melt, it was 
pulled until acceptable hickness was obtained. 
(3) For the nontransparent foam sheet material (e.g. 
container for noodles), about 0.25 g of material was dissolved 
in 10ml of chloroform, and the resulting viscous solution was 
then spread evenly over a watch glass without swirling or else 
some bubbles might appear on the final film. When all the 
solvent had evaporated, a transparent thin film of the polymer 
was obtained. The film was cut into proper size and mounted 
on the holder for FTIR analysis. 
4.3 Determination of residual styrene monomer in polystyrene 
containers and cup : 
Two batches of each kind of container or cup were 
examined. The levels of residual styrene were determined -
according to the procedure described in Chapter 2, and the 
results are shown in Tables 4.1a and 4.1b. It can be seen that 
the levels of styrene in these samples were quite and 
well below the limit of 1 or 0.5% set by the Food and Drug 
Adminstration of the U.S.A. The reference spectra and the 
sample spectra are shown in Fig.4.la and 4.lbQComparison of 
the sample spectra with standard spectra indicated that the 
materials used were made of polystyrene. This was further 
confirmed by the GCMS spectra of the dissolved samples 
prepared from he containers. 
It is noted that no styrene was detected in one of the 
empty container using the proposed method • However, the 
distillation /extraction apparatus described in the previous 
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chapter cannot be applied to extract styrene from polystyrene 




- This is confirmed by the fact that after extracting the 
above Jplank container, a considerable amount of styrene was 
detected, and the amount increased when the heating time was 
increased. 
• ^ ...... 
. , >.' • •. 
. , / • • .. . . . : : . 
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Table 4.1a Analytical results on container samples : 
Polystyrene 
containers for Residual monomer found 
food samples 
From hawker Batch (1) Batch (2) 
Weight ”(g) 4.5 4 . 8 
Concentration of 0.018 0.000 ppm 
injected solution 
Weight of monomer 0.0068 0.0001 
found (mg) Not detected 
Weight (0.14 0.00)^10-3 
Percent 
Doll install Batch (1) Batch (2) 
noodle 
Weight (g) 5.5 7.0 
Concentration of 0.11 ±0.02 ppm 0.037 0.004 ppm 
injected solution 
Weight of monomer 0.049 0.008 0.022 0.002 
found (mg) -
Weight (0.88 4 0.15)^10-3 (0 • 30 ± 0 • 03) xlO 3 
Percent 
Nissin instant Batch (1) Batch (2) 
fried noodle 
Weight (g) 7.8 9.0 
Concentration of 1.35 ±0.02 ppm. 1.01 0•18ppm 
injected solution 
Weight of monomer 0.84 0.01 0.73 0.13 
found (mg) “ — 
Weight (10.80 0.18)xl0_3 (8.08 1.44)xl0_3 
Percent 
• Elegante Batch (1) Batch (2) 
ice-cream package 
Weight (g) 25.0 19.0 
Concentration of 0.49 0.04 ppm 0.32 0.05 ppm 
injected solution 
Weight of monomer 0.98 0.01 o.49 0.08 
found (mg) . 
Weight (3.92 0.33)xl -3 (2.56 0.42)xl0-3 
Percent 
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I Table 4•lb Analytical results on container samples : 
1 
SAMPLE Residual monomer found 
" *""" 111 1,1 ‘“ ‘‘ ‘1 11 •'1 •  “ • ‘ •' 1 “‘ ‘ ‘ I, •. • “‘ •• •_ I 
Tappuri soft Batch (1) Batch (2) 
ice-cream cone 
Weight (g) 3.6 4.0 
Concentration of 0.028 0.000 ppm 0.023 0.002 ppm 
injected solution 
Weight of monomer 8.06 0.06 0.007 0.001 
found (mg) 
Weight (0.22 0.02)xl0-3 (0.18 0.01)xl0-3 
Percent 
Yakult (live Batch (1) Batch (2) 
lactobacterillus) 
Weight (g) 7.0 6.8 . 
Concentration of 0.048 0.001 ppm 0.044 ± 0.002 ppm 
injected solution 
Weight of monomer 0.027 0.000 0.024 ±0.001 
found (mg) 
Weight (0.38 0.01)xl(T3 (0.35 0.00)xl0-3 
Percent 
Yogo (live ..Batch (1) Batch (2) :.: 
lactobacterillus) 
Weight (g) 6.7 6.0 
Concentration of 2.40 0.02 ppm 1.5 0.1 ppm 
injected solution 
Weight of monomer 1.28 0.01 0.71 ± 0.03 
found (mg) 




DETERMINATION OF STYRENE MONOMER MIGRATED INTO FOODSTUFFS 
5.1 Methodology and scope : 
The gas-liquid chromatographic method and the 
distillation/extraction method developed were applied to study 
the migration of styrene from the polystyrene container into 
foodstuffs. Since the instant cooking foodstuffs contained in 
polystyrene containers are becoming more and more popular, 
there is increasing concern about the monomer level left 
inside the foodstuff after it is cooked according to the 
instructions given on the label. The migration of styrene 
monomer into foodstuff under this condition was also one of 
the targets of this analysis. The food samples under study 
were purchased from local stores and hawkers and included not 
only those foodstuffs stored in the container, but also 
samples which involved the use of polystyrene container for 
cooking and keeping warm. 
The samples that were used in this analysis could be 
divided into two groups : 
(1) samples stored in polystyrene container at or below room 
temperature and 
(2) samples that are heated or kept at elevated temperatures 
in the containers. 
The samples were prepared and extracted for styrene 
monomer and the later was determined and confirmed to be 
styrene following the procedure described in Chapter 2. The 
results are shown in Table. 5.1a to 5. Id. The corresponding 
G.C. chromatograms are shown on Fig 5. la to Fig. 5.lg. 
58 
5.2 Determination of styrene migrated into ice-cream : 
Two kinds of ice-cream samples were studied, namely, 
Elegante and Tappuri. They represent^ the type of foodstuffs 
that requires storage at low temperature i.e. (-4°C) and has 
a high fat content. Although the observed monomer level is 
low, the results indicated hat he migration of monomer into 
foodstuff is also possible even at low temperature. As 
reported by Koch & Figge in 1978 (33), the amount of migrate 
is strongly influenced by the fat-releasing properties of the 
foodstuff, whereas the fat content of a foodstuff has less 
influence. The fat-releasing property of he foodstuff is 
recognized as an important criterion, which strongly 
influences the tendency of low molecular-weight substances to 
migrate from plastic materials into food. We have done an 
experiment, where distilled water (200ml) at 100°C was used as 
the sample and put into a polystyrene container and no styrene 
was detected indicating that styrene has no tendency to 
migrate into water. 
In order to make sure that the styrene detected did come 
from the packaging material, small size package Elegante ice— 
cream, which is packaged in paper box, was also examined. 
Results in Table 5. la shows that no styrene was detected. 
f f / y 
Thus, the styrene detected in large size Elegante sample'caiae 
from the polystyrene container. This experiment also confirmed 
that fat enriched food does promote the migration of monomer 
and this takes place even at low temperature i.e. -4°c. 
Nevertheless, the levels of migrated styrene monomer detected 
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were low. 
5.3 Determination of styrene migrated into Yakult and Yogo : 
Yakult and Yogo are two very popular live 
lactobacterillus drinks. They have a relatively low pH value 
i.e. pH = 3-4 , and usually kept below 25°C. Although the 
container for Yogo shows a significant level of residual 
styrene monomer (see Table 5.lb), the est on the food sample 
itself shows no significant amount of monomer. For Yakuit, its 
container and the food itself show a low and non—detectable 
levels of styrene respectively. 
5.4 Determination of styrene migrated into foodstuff kept at 
elevated temperature in polystyrene containers : 
Two popular instant cooking noodles packed in styrene 
foam sheet material were examined. Results in Table 5.1c show 
that no styrene was detected in the control experiment where 
boiling water was added to the noodles in a beaker and allowed 
to cool to room temperature before analysis. Further, low 
level of the monomer (about 0.05 to 0.12 /xg/g) was found to 
have migrated into the noodles. Clearly, this level was low 
when the noodles were kept in the polystyrene container around 
100°C for about ten minutes. 
The last two samples are take-away foodstuff bought from 
the hawkers. As the polystyrene containers become very popular 
in the fast food service industry, determinations were carried 
out to assess the level of migrated monomer when the food was 
kept at elevated temperatures for 30 minutes. Chinese sweet 
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bean curd dessert is of high sugar content while Chinese 
sliced pork soup is of high fat content. These two samples 
were bought from the hawkers. The polystyrene containers were 
bought, separately and found to coirtain very low levels of 
residual styrene (see Table 4.1a)• Results in Table.5.Id show 
that he migrated monomer levels in these two kinds of food 
were also low. It is worthy to note that although the styrene 
levels of the polystyrene containers used were much lower than 
those in he containers for noodles, the migrated styrene 
levels in these two types of food were similar to those for 
the noodles. This indicates that polystyrene dissociates 
partially at elevated temperatures, so that the levels of the 
migrated monomer determined were higher than expected. 
Finally, in order to assess the effect of he matrix of 
the food sample on the determination of the migrated monomer, 
a known amount (3.00ml) of standard styrene solution in hexane 
was pipetted into the food sample which had been extracted 
once using the proposed procedure, and a second extraction was 
then carried out. The percentage recovery was then calculated, 
and he results are shown in Table 5. la to 5. Id. Most of the 
observed values were within 100 10% and with an average 
value of 103 %, indicating that the food matrix had negligible 
effect on the determination of styrene in the present study. 
In summary, it has been found that when in contact with 
rich food, styrene can migrate into it even at -4°C and that 
the migration also takes place at elevated temperatures. 
Although the amount of the migrated styrene were found to be 
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at the ppm levels, the intake of the monomer can be easily 
avoided if we try not to use polystyrene containers for 
keeping food at elevated temperatures. 
- • • • 
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Table 5. la 
Analytical results on real food samples : 
Elegante1 Elegante1 Tappuri 
SAMPLE. ice-cream ice-cream soft 
(small size) (large size) ice-cream 
Quantity 160.0ml 160.0ml 103.0g 
Styrene monomer found 
Control at None None None 
elevated temp. 
Cone. in sample 
solution 0.77 ppm 0.77 ppm 
Batch (1) None 
Concentration in 0.014 pg/ml 0.014 jug/g 
original sample ^ ‘ ‘ 
Cone, in sample 
solution 0.84 ppm 1.2 0 ppm 
Batch (2) None 
Concentration in 0.016 iig/ml 0.035 /xg/g 
original sample 
Cone. in sample 
solution 0.69 ppm 1.99 ppm 
Batch (3) None 
Concentration in 0.013 /xg/ml 0.058 g/g 
original sample — ~ 
Percentage recovery of styrene standard solution added 
to the food sample after the first extraction 
Concentration of 
styrene added 1.24 ppm 1.24 ppm 1.24 ppm 
Batch (1) 
Cone, found 1.35 ppm 1.25 ppm 1.29 ppm 
Recovery 109.5 % 101.3 % 104-5 % 
Concentration of 
styrene added 1.24 ppm 1.24 ppm 1.24 ppm 
Batch (2) 
Cone- found 1.33 ppm 1.28 ppm 1.27 ppm 
Recovery 107.3 % 103.2 % 102.3 % 
Concentration of 
styrene added 1.2 4 ppm 1.24 ppm 1.24 ppm 
Batch (3) 
Cone, found 1.31 ppm 1.36 ppm 1.39 ppm 
Recovery 105.7 % 110.3 % 112.8 % 
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Table 5. la 
Analytical results on real food samples : 
SAMPLE Yakult Yogo 
Quantity 100.0 ml 100.0ml 
Styrene monomer found 
Control at None None 
elevated temp. 
Cone. in sample 
solution 
Batch (1) None None 
Concentration in 
original sample 
Cone. in sample 
solution 
Batch (2) None None 
Concentration in 
original sample . 
Cone. in sample 
solution 
Batch (3) None None 
Concentration in 
original sample 
Percentage recovery of styrene standard solution 
added to the food sample after the first extraction 
Concentration of 
styrene added 1.24 ppm 1.24 ppm 
Batch (1) 
Cone, found 1.2 6ppm 1,28 ppm 
Recovery 101.6 % 103.7 % 
Concentration of 
styrene added 1.24 ppm 1.24 ppm 
Batch (2) 
Cone, found 11.25 ppm 1.30 ppm 
Recovery 100.9 % 105.4 % 
Concentration of 
styrene added 1.2 4 ppm 1.24 ppm 
Batch (3) 
Cone, found 1.27 ppm 1.27 ppm 
Recovery 103.0 % 102.5 % 
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Table 5.1c 
Analytical results on real food samples : 
Doll instant Nissin Japanese 
SAMPLE instant 
noodles fried noodle 
Quantity 33.Og 126.Og 
Styrene monomer found 
Control at None None 
elevated temp. 
Cone. in sample 
I solution 1.23 ppm 1.88 ppm 
Batch (1) 
Concentration in 0.11 jig/q 0.045 /xg/g 
original sample 
Cone. in sample 
solution 1.46 ppm 2.56 ppm 
Batch (2) ^ 
Concentration in 0.13 jig/g 0.061 iig/q 
original sample 
Cone. in sample 
solution 1.37 ppm 1.86 ppm 
Batch (3) 
Concentration in 0.12 iig/g 0 .044 fig/g 
original sample 
Percentage recovery of styrene standard solution 
added to the food sample after the first extraction 
Concentration of 
styrene added 4.9 5ppm 1.2 4 ppm 
Batch (1) “ 
Cone, found 5.42 ppm 1.25 ppm 
Recovery 109.5 % 101.3 % 
Concentration of 
styrene added 1.24 ppm 1.2 4 ppm 
Batch (2) 
Cone, found 1.33 ppm. 1.28ppm 
Recovery 107.3 % 103.2 % 
Concentration of 
styrene added 1.24 ppm 1.24 ppm 
Batch (3) 
Cone, found 1.31 ppm 1.36 ppm 
Recovery 105.7 % 110.3 % 
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Table 5. la 
Analytical^results on real food samples 
Chinese sweet Chinese sliced 
SAMPLE bean curd 
dessert pork soup 
Quantity 100.0 g 200.0ml 
Styrene monomer found 
Control at None None 
elevated temp. 
Cone. in sample 
solution 0.87 ppm 2.78 ppm 
Batch (1) 
Concentration in 0.026 pg/g 0.042 /xg/ml 
original sample 
Cone. in sample 
solution 0.59 ppm 1.95 ppm 
Batch (2) 
Concentration in 0.018 jiq/q 0.029 /ig/ml 
original sample " 
Cone. in sample 
solution 1.20 ppm 2.23 ppm 
Batch (3) 
Concentration in 0.036 fig/g 0 . 0 3 3 » 1 
original sample 
Percentage recovery of styrene standard solution < 
added to the food sample after the first extraction 
Concentration of 
styrene added 4.95ppm 1.24 ppm 
Batch (1) 
Cone, found 4.95ppm 1.22 ppm 
Recovery 100.0% 98.6 % 
Concentration of 
styrene added 4.95ppm 1.24 ppm 
Batch (2) 
Cone, found ‘ 4.2 7ppm 1.21 ppm 
R e c o v e r y 86.3 % 97.7 % 
Concentration of 
styrene added 4.95ppm 1.24 ppm 
Batch (3) 
Cone, found 4.3 3ppm 1.23 ppm 
R e c o v e r y 87.5 % 99.5 % 
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Sample : Suiter's Elegante' Vanilla flavoured ice-cream 
Size I litre • Size : 160 ml. 
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5.5 Conclusion: 
A n
 improved gas—liquid chromatographic method has been 
developed for the determiridtion of styrene using FFAP as he 
column, and an apparatus has been designed to carry out the 
distillation/ extraction of styrene monomer migrated into food 
samples. With the proposed apparatus, the analyte is efficiently 
extracted"into hexane. The proposed method has the advantages of 
time—saving, easy to equip and can have multiple injections for 
G. C. quantification of the analyte. 
Although the popular head-space and purge-and-trap 
techniques have various success in the determination of volatile 
organics* They are limited to the analysis of volatile substances 
and the head-space technique can only transfer one sample vapour 
into the G. C. for determination, while the purge-and- rap 
technique is only suitable for compounds having a boiling point 
between 130°C and 150°C with a water solubility of approximately : 
. . . . . • 
two percen • Thus, the proposed method is superior to the above-
two methods because a wider range of compounds can be analysed. 
The time for carrying out the distillation/ solvent extraction 
in the proposed method was about 1 hour, which is considered to 
be good when compared to the head-space or the purge-and-trap 
method. 
The proposed method was successfully applied to determine 
the quantity of styrene monomer migrated into food samples at the 
ppm levels. It is believed that the proposed method is also 
applicable to determine other monomers and organics which are 
present in food or other samples at low concentrations. 
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The method for the determination of styrene in polystyrene 
has been improved by adding iso—octane to deposit polymers of 
styrene after dissolving the polystyrene packaging material in 
dichloromethane (CH2C12) , while the styrene monomer will be left 
in the supernatant. The original dissolution method is a well 
known technique adopted by the U.S. Government (4) to detect the 
residual monomer in food-contact polystyrene containers. However 
the method used has the disadvantage that when the high molecular 
weight polymer fragments are injected together with the analyte 
into the G.C. , they exhibit peaks close to the styrene peak thus 
lowering the accuracy of the determination, and further, these 
fragmeirts will shorten he life—time of the liquid phase. Thus 
iso-octane was proposed to precipitate these fragments and the 
supernatant was centrifuged to eliminate most of them. The 
accuracy was improved, and the concentration of styrene of that 
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Appendix 
BRIEF DESCRIPTION OF STYRENE AKD POLYSTYRENE 
1.0 Styrene 
Chemical Name : Benzene , I — 1 
ethenyl 
Empirical formula : C8H8 
Molecular Weight : 104.1 C H C H ^ 
Boiling point : 145-146°C 
Density : 0.909 
n2°D 1.5458 
Alternative names : Styrol, :~’ 




Polystyrene is an important plastic made by polymerisation 
of styrene. It is hard, rigid and transparent • has good 
dimensional stability and good chemical resistance to many 
aqueous solutions, but it is soluble in many aromatic and 
halogenated solvents. 
It cannot be used at elevated temperature (maximum 60°C 
continuous; 70°C for short periods)(39) and it tends to suffer 
from mechanical stress. finds a wide use in disposable 
commodity products. It has chemical resistance to nonpolar 
solvents and aromatics. Its heat resistance quality can be 
improved by copolymerizing styrene with acrylonitrile(40). Some 
of its chemical exposure data are shown in Table A.1. 
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improved by copolymerizing styrene with acrylonitrile(40). Some 
of its chemical exposure data are shown in Table A.1. 
3.0 Regulations for food-contact use : 
Styrene-based polymers are regulated by Food and Drugs 
Adminstration in U.S.A. (10) for food-contact use in 21 GFR 
177.1640 (polystyrene and rubber—modified polystyrene) 177.1810 
(styrene. block polymers) 177.1820 (styrene-maleric anhydride 
copolymers) 177.1830 (styrene-methyl methacrylate 
copolymers ) 177.1020 (acrylonitrile / butadiene / s yrene(ABS) 
copolymer ) 177.1030 (ABS/methacrylate copolymer) 177.1040 
( a c r y l o n i t r i l e / s t y r e n e c o p o l y m e r ) 1 7 7.1 0 5 0 
(acrylonitrile/styrene copolymer modified with butadiene/styrene 
elastomer) 177.2600 (rubber articles intended for repeated use); 
and 177.2710 (styrene—divinylbenze resins, crosslinked). 
Polystyrene , ABS , and styrene/butadiene copolymers are also prior 
sanctioned for grease-proofing of paper wrap. 
4.0 Health and safety : 
Polystyrene is considered physiologically inert. Solid or 
dusts may cause eye irritation or corneal injury due to 
mechanical action. Skin absorption and vapour inhalation are 
unlikely because of the physical properties of polystyrene. Dusts 
may cause irritation to the upper respiratory tract. Implant 
studies with polystyrene have produced tumours consistent with 
carcinogenesis caused by physical rather than chemical factors. 
Polystyrene and rubber-modified polystyrene may be safely 
used as components of articles and packaging materials in contact 
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5.0 Residual styrene monomer : 
Food and Drugs Adminstration 21 CFR 177.1640 states that 
polystyrene polymers shall contain not more than 1% by weight of 
total residual styrene monomer, except when used in contact with 
specified fatty foods, in which case the limit is 0.5%. For 
rubber—modified polystyrene, and the limit is 0.5% by weight of 
total residual styrene monomer. 
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Table A-l 
Chemical exposure data : 
Styron Impact Polystyrene 
Chemical Class Impact Grade Explanation of ratings 
Acids, Inorganic E = Excellent 
weak G The plastic was unaffected 
strong G in any way for the duration 
of the test 
strong oxidizing F 
Acids, Organic G = Good 
A very slight clouding or 
weak E discoloration took place 
strong E Expected life - months to 
Alcohols G years 
Aldehydes N r 
F = Fair 
Amines Moderate effect. Slight 
etching.Some discoloration 
aliphatic E possibly some dimensional 
aromatic N changes or weight change. 
Expected life - weeks to 
Bases E months. 
Beverages E 
Condiments G N = Not recommended 
Esters N Severe attack. Plastic 
Foodstuffs E became soft in a few hour 
and was unstable within a 
Glycols few days or by end of the 
test. 
polyglycols 









essential oils N 
vegetable oils G 
Pharmaceuticals E 
salts e 
Note : This table should be used only as a guide in the absence 
of data on the specific environment plastic combination 
in question under simulated end-use conditions. 
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